Abstract. We give a complete answer to a question raised by Harary and Manvel in 1972 [3] by proving that a finite set A of points in the plane R 
Introduction
The kind of combinatorial reconstruction problems that we consider here has its roots in two long-standing conjectures about finite graphs, the reconstruction conjecture due to Kelly [6] and Ulam [11] and the edge reconstruction conjecture due to Harary [2] (see e.g.
Bondy's survey [1] ). The question whether some combinatorial object can be reconstructed, i.e. is uniquely determined up to some notion of isomorphism, from its subobjects has been generalized to many other objects.
In this paper we will consider the reconstruction problem for finite sets of points in the plane R In the usual terminology of reconstruction theory, Theorem 1 says that the decks of two non-isomorphic sets of points share at most 4 elements. This implies that some finite set A ⊆ R 2 is uniquely determined up to isomorphism by the isomorphism types of at most 5 of its subsets of cardinality (|A| − 1), i.e. its reconstruction number is 5 (see [5] for a definition of this concept in the context of finite graphs).
In Figure 1 we give an example of two sets A and B which show that Theorem 1 is for the minimum number of subanimals given up to isomorphism that uniquely determine any square-celled animal up to isomorphism. Theorem 1 implies that this number is 5.
(Note that the two sets in Figure 1 actually correspond to square-celled animals.)
In [8] Maynard already considered the problem posed by Harary and Manvel and proved that under the assumptions of Theorem 1 and if all points in A and B have integer coordinates, then n ≤ 8. It seemed possible to him to reduce this bound to n ≤ 6 and, according to him, 'experimental evidence' suggested that n ≤ 2 could be the right bound. Again, Theorem 1 and the example in Figure 1 entirely settle this matter.
Square-celled animals appeared earlier in e.g. [4] , [7] and [10] where the problem of counting non-isomorphic animals was considered. Already in [8] and [9] it became apparent that the special combinatorial and topological connectivity conditions in the definition of square-celled animals which are certainly important for the counting problem are quite superfluous for reconstruction.
The rest of the paper is devoted to the proof of Theorem 1. 
Since the sets A and B are only considered up to isomorphism, we can assume without
Hence each b i is the unique element of one of the sets δ l (B), δ r (B), δ b (B) and δ t (B) and thus n ≤ 4. The remaining cases lead to the same conclusion. Hence we may assume without loss of generality that α :
The following claim was already observed by Maynard in [8] .
Proof of Claim 1: We assume that
Without loss of generality we assume that
and
. Hence the group element g i belongs to the stabilizer G 2 of the set
Possibly replacing B by g 1 (B), we may assume without loss of generality that g 1 = id. Note that this implies that
Let r 180 denote the element of We note two obvious facts. 
Fact 2 If
In view of Fact 1 we assume that m ≥ 1.
The next claim will be used to show that under certain conditions g i ∈ G 2 for some m + 1 ≤ i ≤ n. If g n is a translation or the composition of r 180 and a translation, then α ≤ β implies
Claim 2 Let δ(A) = δ(B). Let all of the sets
the contradiction g n = id = g 1 . If g n is the composition of r 180 and a translation and
) which implies the contradiction c b < c t . If g n is the composition of r 180 and a translation and b n ∈ δ r (B),
If g n is the composition of r 270 and a translation and
) which implies the contradiction c r < c t . If g n is the composition of r 270 and a translation and
We will consider two cases. For x ∈ R 2 we define [x] to be the orbit of x under G 2 , i.e. 
For each of these possibilities it is easy to check that there is at most one 
In view of Fact 2, the assumption n − m = 3 and g 2 = id imply that g(δ µ (B) ).
Hence in both these cases -a 2 ∈ δ(A) or a 2 ∈ δ(A) -there is a unique g * ∈ G 2 \ {id} such that δ ν (A) = g * (δ µ (B) ).
We will prove that g i ∈ G 2 for all m + 1 ≤ i ≤ n which clearly implies that n ≤ 4.
Therefore, without loss of generality let a n ∈ δ l (A). Note that a n ∈ δ ν (A) and b n ∈ δ µ (B).
We will discuss the case ν = t in detail. The remaining two cases ν ∈ {r, b} can be treated similarly and are left to the reader.
If g n is a translation or the composition of r 90 and a translation, then we obtain a contra- We have deduced that g n ∈ G 2 and, by symmetry, g i ∈ G 2 for all m + 1 ≤ i ≤ n. This completes the proof under the assumption that a 1 ∈ δ(A). Now we may assume that 
